Background: The aim of the study was to compare the quality of chest compressions (CCs) carried out with and without the use of the TrueCPR device during simulated cardiopulmonary resuscitations conducted by trainee doctors. Methods: The study was a prospective, randomized, cross-over simulation study. The study involved 65 trainee doctors who were tasked with performing a 2-min cycle of uninterrupted CCs under conditions of a simulated cardiopulmonary resuscitation of adults. CC were carried out in two scenarios: with and without TrueCPR chest compression support. Participants did not have experience in the use of CCs prior to this study. Results: The depth of compressions in regard to CC techniques were varied by 45 mm for manual for the TrueCPR device (p < 0.001). The incidence of compressions (p = 0.002). The degree of complete chest relaxation with the TrueCPR device was 95% and without the device, 33% . Conclusions: In the simulation study performed, the use of the TrueCPR device resulted in a significant improvement in the quality of CCs in relation to frequency and depth of CCs and correctness of chest relaxation. (Cardiol J 2019; 26, 5: 529-535) 
Introduction
Sudden cardiac arrest is a challenge for modern medicine, resulting not only from the scale of the phenomenon, but also the social and economic burden of the health care system [1, 2] . In Europe, it is indicated that the annual incidence of EMS--treated out-of-hospital cardiopulmonary arrests for all rhythms is 38 per 100,000 population [3] .
Current guidelines for cardiopulmonary resuscitation indicate high quality chest compressions (CCs) as an element affecting the effectiveness of cardiopulmonary resuscitation. The quality of CCs is made up of factors such as minimization of CCs, CCs to the appropriate depth and with appropriate frequency, full chest relaxation and correct positioning of the hands on the chest [4] [5] [6] . Minimizing breaks in CCs has a direct impact on increasing the perfusion pressure during resuscitation procedures, both in adults and pediatric patients [7] . As Ewy et al. [8] research indicates, the first CCs are ineffective in the context of the perfusion pressure, only compression 7-8 is effective. This situation is repeated each time there is a break in the CCs, which includes performing rescue breaths in the case of resuscitation in a cycle of 30 compressions to 2 rescue breaths. Minimizing breaks in CCs can be achieved by instrumental protection of the airways by means of an endotracheal tube or supraglottic ventilation device and asynchronous resuscitation, during which there is no need to take breaks for rescue breaths [6, 7] . For such a solution, Ewy et al. [8] and many other authors [9, 10] point to an optimal method of resuscitation. In the case of adult CCs, the guidelines of the European Resuscitation Council (ERC) [11] , as well as the American Heart Association (AHA) [4] , indicate that it should be between 50 and 60 mm. In addition, CCs should be carried out with a frequency of 100-120 compressions per minute (cpm). Faster CCs may result in a higher perfusion pressure; however, a faster time causes greater fatigue to the chest compressor, which in the case of prolonged resuscitation can lead to a significant deterioration of the quality of CCs. Another important component responsible for the quality of CCs is the correctness of chest relaxation. Performing CCs at an appropriate depth and then leading to full chest relaxation results in the creation of an appropriate pressure difference in the chest, which determines the perfusion pressure. Incomplete chest relaxation will result in a reduction of perfusion pressure, thereby reducing chances of spontaneous circulation returning [12] [13] [14] .
The correctness of hand position on the chest also plays an important role in the context of quality of CCs. The current guidelines [4, 5] recommend that the hands be placed in the middle of the chest on the sternum, in addition, the person pressing on the chest should take such a position relative to the patient that his upper limbs are at right angles to the patient's chest. Bad hand placement on the chest may cause damage to the patient's chest [15] . Performing CCs based on the above recommendations determines the highest quality of CCs, translating directly to the resuscitation outcome in the form of a return of spontaneous circulation [16] .
The aim of the study was to compare the quality of CCs performed unmanageaged and using the TrueCPR device ( Fig. 1 ) during simulated cardiopulmonary resuscitation conducted by trainee doctors.
Methods
The study was a randomized, cross-over study and was conducted under conditions of medical simulation. The study protocol was accepted by the Institutional Review Board of the Polish Society of Disaster Medicine (approval no. 17/05/2017). The study was conducted from June to July 2017. The doctors qualified the trainees participating in emergency medicine courses organized by the Department of Emergency Medicine at the Medical University of Warsaw. The inclusion criteria included: completing medical studies and having the status of trainee, lack of previous experience in the use of cardiopulmonary resuscitation feedback devices, and voluntary consent to join the study.
Among the exclusion criteria were: spine injury or wrist injury during the month preceding the examination preventing CCs, pregnancy, or non-fulfillment of inclusion criteria. Ultimately, 68 physicians were enrolled in the study, but only 65 physicians completed the study. Three people withdrew from the study due to wrist pain ( Fig. 2 ).
Prior to the study, all persons participated in the training module in the field of basic resuscitation procedures based on the guidelines of the American Resuscitation Council [2, 3] . The correct CCs were shown once again in a non-instrumental manner, as well as performing cardiopulmonary resuscitation based on the TrueCPR device, which, owing to information displayed on the depth of compressions, the frequency of compressions, as well as the degree of chest relaxation, allowing for correction of quality of CCs in real time. After instruction, participants of the study had 10 min to read the TrueCPR device, however, practical exercises with this device were not done in advance. On the following day, participants during the target study were asked to perform CCs continuously for 2 min with and without the TrueCPR device. Cardiopulmonary resuscitation was carried out based on one rescuer. Both the order of the participants and the methods of CCs was random. For this purpose, the coin-toss technique was used. A detailed randomization procedure is presented on Figure 2 . To simulate a patient in need of CCs, an adult simulator, Resusci Anne Simulator (Laerdal, Stavanger, Norway) was used.
During the study, only the parameters concerning the quality of CCs such as the depth of compressions, the frequency of compressions, the degree of chest relaxation and the correctness of hands on the chest during compressions were evaluated. Parameters were measured using SimPad ® PLUS (Laerdal, Stavanger, Norway), which is an operating device used to control Laerdal simulators. Additionally, after completing the scenarios, the participants assessed the 100-degree scale on the level of self-confidence in the correctness of chest CCs (1 -uncertain; 100 -confident), as well as indicating which of the CC techniques they would prefer to use under real resuscitation conditions. Sample size calculation was performed using G*Power 3.1 with a two-tailed t-test (Cohen's d: 0.8, alpha error: 0.05, power: 0.95). According to the calculation, a minimum of 51 participants were necessary.
Statistical analysis
The statistical package Statistica 13.0 EN (StatSoft, Tulusa, OK, USA) was used for all sta- 
Results
The study involved 65 trainee doctors (27 female, 41.5%), whose median age was 25 (IQR 24.5-26) years. None of the participants had previous clinical or experimental experience in cardiopulmonary resuscitation feedback devices.
Detailed data on the parameters of CCs are presented in Table 1 . The depth of compressions varied in relation to the CC technique tested, with 45 mm (IQR 43-48) for manual CCs and 53 mm (IQR 51-55) for the TrueCPR device. This difference was statistically significant (Fig. 3 , p < 0.001).
The frequency of CCs when the TrueCPR device was used resulted in 112 cpm (IQR 103-113) and achieved statistical significance which was lower than when not using the device during CCs, resulting in 129 cpm (IQR 122-135) ( Fig. 4 , p = 0.002).
The degree of complete chest relaxation with the TrueCPR device was 95% (IQR 76-99) and without a device it was 33% (IQR [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . The difference in the degree of correctly performed chest relaxation between the tested devices was statistically significant (Fig. 5 , p < 0.001).
In the case of proper hand positioning on the chest, no statistically significant differences were observed in the examined devices ( Table 1) .
The degree of self-confidence of correct CCs in the absence of a device was 77 (IQR 56-87) and when using the TrueCPR device, the degree of self-confidence was higher, at 87 (IQR 73-99) (p = 0.024).
Fifty-seven people, which accounted for 87.7% of the whole research group, declared that they would choose the TrueCPR device during routine cardiopulmonary resuscitation in their professional practice. The remaining 12.3% of people opted for the device-less CCs as their preferred method of cardiopulmonary resuscitation. 
Discussion
In this simulation study, the impact of using the cardiopulmonary resuscitation feedback device versus TrueCPR on the quality of CCs performed by trainee doctors was assessed. The results obtained indicate an advantage of the method of using the device over not using the device in CCs.
Cardiopulmonary resuscitation is one of the most stressful situations that a physician can encounter during their daily work experience [17] . It is dictated by the necessity of implementing advanced resuscitation activities and to conduct them until the arrival of an emergency medical team or the arrival of a resuscitation team [18] .
In the present study, a statistically significant difference was found between the depth of CCs with and the depth without the TrueCPR device (53 vs. 45 mm, respectively). Current guidelines for cardiopulmonary resuscitation recommends that the depth of CCs in adults is between 50 and 60 mm [4] . As shown by studies conducted by Lampe et al. [19] , deeper CCs redirect several hemodynamic parameters. Iskrzycki et al. [20] conducting studies on the effectiveness of cardiopulmonary resuscitation carried out by water rescuers, demonstrated that the use of visual real-time feedback devices has improved the quality of cardiopulmonary resuscitation in relatively unexperienced cardiopulmonary resuscitation providers. In the case of prolonged resuscitation, when the person performing CCs becomes fatigued, the use of feedback devices that are able to correct the quality of CCs is all the more justified. Buléon et al. [21] indicated that the real-time feedback device delivers longer, effective, and steadier CCs over time. Other authors have also come to similar conclusions [4, 6, [22] [23] [24] .
Another important factor influencing the return of spontaneous circulation is the frequency of CCs [16] . Field et al. [25] showed that a CC rate of 100-120/min -1 for 2 min is feasible whilst maintaining adequate CC quality in terms of depth, duty-cycle, leaning, and decay in compression performance. These are the parameters currently recommended by guidelines for cardiopulmonary resuscitation [4] . In turn, studies by Lee et al. [26] showed that the frequency of compressions over 120/min was associated with a higher depth of compressions than the frequency of compressions indicated in the guidelines for resuscitation [4] . Zou et al. [27] indicated the most optimal frequency of CCs is a frequency of 120/min [26, 27] . In the present study, the compression rate performed without the device by trainee doctors was 129 cpm, while in the case of using the TrueCPR device it was 112 cpm. The reduction in frequency using cardiopulmonary resuscitation feedback devices may be dictated by the fact that these devices (including TrueCPR) display the current pressure of the compressions performed by the rescuer, thanks to which they are able to adapt to the frequency recommended by the resuscitation guidelines. Wee et al. [28] indicate that the use of feedback devices helps improve the quality of cardiopulmonary resuscitation during training. This opinion is also shared by other authors dealing with the issue of improving the effectiveness of resuscitation [20, [29] [30] [31] [32] .
Full chest relaxation after each compression also plays a significant role in the quality of cardiopulmonary resuscitation and the frequency of return of spontaneous circulation and is one of the recommendations of the AHA as well as the ERC [4, 11] . Luire points out that complete chest wall recoil improves hemodynamics during cardiopulmonary resuscitation by generating relatively negative intrathoracic pressure, which draws venous blood back to the heart, and provides cardiac preload prior to the next CC [33] . In the study, the intern doctors tended to perform full chest relaxation just to the recommended level. Thanks to the use of the feedback device, this percentage increased to 95%. The TrueCPR device, due to the scales on the display, indicates whether the person performing CCs fully relaxes it, in regards to the frequency and depth of compressions, making it possible to correct these parameters if needed. Numerous studies comparing CCs with compressions using feedback devices or mechanical CC devices indicate that a tendency towards incomplete chest relaxation during resuscitation concerns not only physicians but other professional groups as well [12, 28, 34, 35] .
In the study conducted, the participants indicated that their confidence in the correctness of CCs increased in the case of using a cardiopulmonary resuscitation feedback device. This may be related to the fact that the device, so to say, tells people performing CCs what parameters to pay attention to and how to improve them to achieve optimal quality of performed procedures.
Limitations of the study
The study has specific limitations resulting from the methodology. Firstly, the study was conducted under simulated conditions, not real cardiopulmonary resuscitation, however, this choice was intentional, because the medical simulation allows for full standardization of conditions for procedures performed, moreover, it was the only one that allowed cross-randomized trials without potential damage to a patient's health [36] [37] [38] [39] . Additionally, thanks to the use of advanced simulators, it was possible to obtain the data regarding quality of CCs performed without an accompanying feedback device. The second limitation was to perform CCs in a 2-min cycle, however, such a period of CCs is recommended by the guidelines for resuscitation [13, 39, 40] and after this time there should be a change in the person performing CCs. The strength of the study is its randomized, cross-over nature, and the use of one of the most advanced feedback devices available
Conclusions
In the simulation test conducted, the use of the TrueCPR device resulted in a significant improvement in the quality of CCs in relation to the frequency and depth of CCs and the correctness of chest relaxation performed by trainee doctors.
